
CS213,Spring2002
LabAssignmentL6: DynamicStorageAllocator

Assigned:Tue.Apr. 9, Due:Mon. Apr. 22,11:59PM

Pleaseseeoneof us or emailstaff-213@cs.cmu.edu with any questionsof concerns.As always,
we’re hereto help.

Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programs,i.e., your own versionof the
malloc, free andrealloc routines. You areencouragedto explore the designspacecreatively and
implementanallocatorthatis correct,efficientandfast.

Logistics

You maywork in a groupof up to two people.Any clarificationsandrevisionsto the assignmentwill be
postedon thecourseWebpage.

Hand Out Instructions

Thefiles for thisassignmentcanberetrievedfrom

/afs/cs/academic/class/15213-s02/labs/L6/L6.tar

Onceyou’vecopiedthisfile into a(protected)directory, runthecommandtar xvf L6.tar. Fill in your
teaminformationin thestructureat thebeginningof thefile mm.c. Whenyouhave completedthelab,you
will handin only onefile (mm.c), which containsyoursolution.

How to Work on the Lab

Your dynamicstorageallocatorwill consistof the following four functions,which aredeclaredin mm.h
anddefinedin mm.c.
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int mm_init(void);
void *mm_malloc(size_t size);
void mm_free(void *ptr);
void *mm_realloc(void *ptr, size_t size);

Themm.c file wehavegivenyou implementsthesimplestbut still functionallycorrectmallocpackagethat
we couldthink of. Usingthis asa startingplace,modify thesefunctions(andpossiblydefineotherprivate
static functions),sothatthey obey thefollowing semantics:� mm init: Beforecalling mm malloc mm realloc or mm free, the applicationprogram(i.e.,

the trace-driven testharnessthat you will useto evaluateyour implementation)callsmm init to
performany necessaryinitializations, suchasallocatingtheinitial heaparea.Thereturnvalueshould
be-1 if therewasa problemin performingtheinitialization,0 otherwise.� mm malloc: Themm malloc routinereturnsa pointerto an allocatedblock payloadof at least
size bytes.Theentireallocatedblockshouldlie within theheapregion andshouldnotoverlapwith
any otherallocatedchunk.

Wewill comparingyour implementationto theversionof malloc suppliedin thestandardC library
(libc). Sincethe libc malloc alwaysreturnspayloadpointersthat arealignedto 8 bytes,your
mallocimplementationshoulddo likewiseandalwaysreturn8-bytealignedpointers.� mm free: Themm free routinefreestheblock pointedto by ptr. It returnsnothing. This rou-
tine is only guaranteedto work when the passedpointer (ptr) was returnedby an earlier call to
mm malloc or mm realloc andhasnotyetbeenfreed.� mm realloc: Themm realloc routinereturnsa pointerto anallocatedregion of at leastsize
byteswith thefollowing constraints.

– if ptr is NULL, thecall is equivalenttomm malloc(size);

– if size is equalto zero,thecall is equivalentto mm free(ptr);

– if ptr isnotNULL, it musthavebeenreturnedbyanearliercall tomm malloc ormm realloc.
The call to mm realloc changesthe sizeof the memoryblock pointedto by ptr (the old
block) to size bytesandreturnstheaddressof thenew block. Notice that the addressof the
new blockmightbethesameastheold block,or it mightbedifferent,dependingonyourimple-
mentation,theamountof internalfragmentationin theold block,andthesizeof therealloc
request.
Thecontentsof thenew blockarethesameasthoseof theoldptr block,upto theminimumof
theold andnew sizes.Everythingelseis uninitialized.For example,if theold block is 8 bytes
andthenew block is 12 bytes,thenthefirst 8 bytesof thenew block areidenticalto thefirst 8
bytesof theold blockandthelast4 bytesareuninitialized.Similarly, if theold block is 8 bytes
andthenew block is 4 bytes,thenthecontentsof thenew block areidenticalto thefirst 4 bytes
of theold block.

Thesesemanticsmatchthethesemanticsof thecorrespondingLinux malloc, realloc, andfree rou-
tines.Typeman malloc to theshellfor completedocumentation.

2



HeapConsistencyChecker.

Dynamicmemoryallocatorsarenotoriouslytricky beaststo programcorrectlyandefficiently. They are
difficult to programcorrectlybecausethey involve a lot of (void *) pointerreferences.You will find it
veryhelpful to write a heapcheckerthatscanstheheapandchecksit for consistency.

Someexamplesof whata heapcheckermight checkare:� Is everyblock in thefreelist markedasfree?� Are thereany contiguousfreeblocksthatsomehow escapedcoalescing?� Is every freeblock actuallyin thefreelist?� Do thepointersin thefreelist point to valid freeblocks?� Do any allocatedblocksoverlap?� Do thepointersin a heapblockpoint to valid heapaddresses?

Yourheapcheckerwill consistof thefunctionint mm check(void) in mm.c. It will checkany invari-
antsor consistency conditionsyou considerprudent.It returnsa nonzerovalueif andonly if your heapis
consistent.You arenot limited to thelistedsuggestionsnor areyou requiredto checkall of them.Youare
encouragedto print outerrormessageswhenmm check fails.

This consistency checkeris for your own debuggingduringdevelopment.Whenyou submitmm.c, make
sureto remove any callsto mm check asthey will slow down your throughput.Stylepointswill begiven
for yourmm check. Makesureto put in commentsanddocumentwhatyouarechecking.

Support routines

Thememlib.c packagesimulatesthememorysystemfor your dynamicmemoryallocator. You caninvoke
thefollowing functionsin memlib.c:� void *mem sbrk(int incr): Expandsthe heapby incr bytes,whereincr is a positive

non-zerointegerandreturnsa genericpointerto thefirst byteof thenewly allocatedheaparea.The
semanticsare identical to the Unix sbrk function, except thatmem sbrk acceptsonly a positive
non-zerointegerargument.� void *mem heap lo(void): Returnsagenericpointerto thefirst bytein theheap.� void *mem heap hi(void): Returnsagenericpointerto thelastbytein theheap.� size t mem heapsize(void): Returnsthecurrentsizeof theheapin bytes.� size t mem pagesize(void): Returnsthesystem’spagesizein bytes(4K onLinux systems).
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The trace-driventestharness

Themtest.c programin theL6.tar distributiontestsyourmm.c packagefor correctness,spaceutiliza-
tion, andthroughput.Thetestharnessis controlledby a setof tracefiles thatareincludedin theL6.tar
distribution. Eachtracefile containsa sequenceof allocate,reallocate,andfreedirectionsthat instructthe
testharnessto call your mm malloc, mm realloc, andmm free routinesin somesequence.The test
harnessandthetracefilesarethesameoneswewill usewhenwegradeyourhandinmm.c file.

Thetestharnessacceptsthefollowing commandline arguments:� -f <tracefile>: Useoneparticulartracefile for testinginsteadof thedefaultset.� -h: Printasummaryof thecommandline arguments.� -l: Runlibc mallocin additionto thestudent’smallocpackage.� -v: Verboseoutput.Printa performancebreakdown for eachtracefile.� -V: Printsadditionaldiagnosticinformationaseachtracefile is processed.Usefulduringdebugging
for determiningwhich tracefile is causingyourmallocpackageto fail.

Programming Rules� Youarenot allowedto changeany of theinterfacesin mm.c.� You shouldnot invokeany memory-managementrelatedlibrary callsor systemcalls. This excludes
theuseof malloc, calloc, free, realloc, sbrk, brk or any variantsof thesecalls in your
code.� Youarenotallowedto defineany globalorstatic compounddatastructuressuchasarrays,structs,
trees,or lists in yourmm.c program.However, youareallowedto declareglobalscalarvariablessuch
asintegers,floats,andpointersin mm.c.� For consistency with thelibc malloc package,yourallocatormustalwaysreturnpointersthatare
alignedto 8-byteboundaries.Thetestharnesswill enforcethis for you.

Evaluation

Youwill receivezero points if youbreakany of therulesor yourcodeis buggy. Otherwise,yourgradewill
becalculatedasfollows:� Correctness(20 points). You will receive full points if your solution passesthe correctnesstests

performedby thetestharness(mtest). Youwill receivepartialcreditfor correctimplementationsof
malloc andfree (i.e.,you passthefirst 9 tracefiles).
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� Performance(35points).Two performancemetricswill beusedto evaluateyoursolution:

– Spaceutilization: The peakratio betweenthe aggregateamountof memoryusedby the test
harness(i.e., allocatedvia mm malloc or mm realloc but not yet freedvia mm free) and
thesizeof theheapusedby yourallocator. Theoptimalratioequalsto 1. Youshouldfind good
policiesto minimizefragmentationin orderto makethisratioascloseaspossibleto theoptimal.

– Throughput: Theaveragenumberof operationscompletedpersecond.

Thetestharness(mtest) summarizestheperformanceof yourallocatorby computingaperformance
index,

�
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where
�

is yourspaceutilization, � is yourthroughput,and � �! #"%$ is theestimatedthroughputof libc
mallocon your systemon thedefaulttraces(600Kops/sec).The index favorsspaceutilization over
throughput,with a defaultof
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Observingthat both memoryspaceandCPU cyclesareexpensive systemresources,we adoptthis
formula to encouragebalancedoptimizationof both. Ideally, the performanceindex will reach�)�)�.�/
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or
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. Sinceeachmetricwill contributeatmost
�

and
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to theperfor-
manceindex, respectively, you shouldnot go to extremesto optimizeeitherthememoryutilization
or thethroughputonly. To receive a goodscore,you mustachieve a balancebetweenutilizationand
throughput.

To getfull credit for this partof thelab,you will needto achieve a performanceindex of 95%. Your
scorewill becalculatedby adding.05 to yourperformanceindex andmultiplying by 35points.You
cannotgetmorethan35pointsfor thispartof thelab, though.� Style(10 points).Your codeshouldbereadableandwell commented.Definemacrosor subroutines
wherenecessaryto makethecodemoreunderstandable.5 pointswill begivenfor awell writtenand
documentedmm check and5 pointswill begivenfor thestyleof therestof yourcode.

Handin Instructions

Youwill handinyourmm.c file via a webinterface.Seethelabwebpagefor detailsonhow to do this.

You maysubmityour solutionfor testingasmany timesasyou wish up until theduedate.Thewebpage
will list bothyourbestscoringsubmissionandyourmostrecentsubmission.

Whenyou aresatisfiedwith your solution, thenyou canofficially handit in. Only the last versionyou
submitwill begraded.

Whentestingyour files locally, makesureto useoneof thefish machines.This will insurethat thegrade
you getfrom mtest is representativeof thegradeyouwill receive whenyousubmityoursolution.
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Hints� Usethemtest -f option.During initial development,usingtiny tracefiles will simplify debugging
and testing. We have includedtwo suchtracefiles (short1,2-bal.rep) that you canusefor
initial debugging.� Usethemtest -v and-V options.The-v optionwill give you a detailedsummaryfor eachtrace
file. The-V will alsoindicatewheneachtracefile is read,which will helpyou isolateerrors.� Compilewith gcc -g and usea debugger. A debuggerwill help you isolateandidentify out of
boundsmemoryreferences.� Understandevery line of the malloc implementationin the textbook. The textbook hasa detailed
exampleof a simpleallocatorbasedon an implicit free list. Usethis is a point of departure.Don’t
startworkingonyourallocatoruntil youunderstandeverythingaboutthesimpleimplicit list allocator.� Encapsulateyour pointerarithmeticin C preprocessormacros. Pointerarithmeticin memoryman-
agersis confusinganderror-pronebecauseof all the castingthat is necessary. You canreducethe
complexity significantlyby writing macrosfor yourpointeroperations.Seethetext for examples.� Do your implementationin stages.The first 9 tracescontainrequeststo malloc andfree. The
last2 tracescontainrequestsfor realloc, malloc, andfree. We recommendthatyou startby
gettingyourmalloc andfree routinesworkingcorrectlyandefficiently on thefirst 9 traces.Only
thenshouldyou turn your attentionto therealloc implementation.For starters,build realloc
on top of your existing malloc andfree implementations.But to get really goodperformance,
youwill needto build a stand-alonerealloc.� Usea profiler. Youmayfind thegprof tool helpful for optimizingperformance.� Startearly! It is possibleto write anefficient mallocpackagewith a few pagesof code. However,
we canguaranteethat it will besomeof themostsophisticatedcodeyou have written sofar in your
career. Sostartearly, andgoodluck!
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